Five candidate genes including the lipoprotein lipase, leptin, leptin receptor, a-adducin and b3 adrenergic receptor were selected to examine their possible contribution to essential hypertension (EH) in a Chinese population. On each side of the candidate gene loci, one to two highly polymorphic microsatellite markers were genotyped in 474 subjects recruited from 106 hypertension nuclear families in Shanghai. Both parametric and nonparametric linkage analyses were carried out using GENEHUNTER (version 2.0) after genotyping. Extended transmission disequilibrium testing (ETDT) was also conducted to detect preferential transmission of alleles to affected offspring. We failed to find the linkage between all these loci and EH by either parametric or nonparametric analysis, nor did we detect any significant transmission disequilibrium by ETDT. Our findings provide no support for a significant contribution of these five genes to the pathogenesis of EH among Shanghai people.
Introduction
Essential hypertension (EH) is a common risk factor for cardiovascular diseases, end-stage renal disease, stroke and peripheral vascular diseases. It prevailed mostly in developed countries, but now there is a rising trend in developing countries too. It is reported that from 1959 to 1991, the prevalence of EH in China has increased from 5.11 to 11.26%. 1 The number of people suffering from EH reaches more than one hundred million in China.
A great deal of evidence has shown that EH is a complex trait, which means that many genes play a role in its pathogenesis and progress. 2, 3 To find the susceptible genes of EH is the major objective to reveal the essence of this disorder and to treat the patient accordingly. By now, more than 150 candidate genes have been listed, some of which have been investigated and several have been studied in different populations. 4 Some studies replicated the original findings, but others failed. Most of these works focused on one candidate gene with just one method, either linkage analysis or association study. Among these hardly any were performed in a Chinese population; however replications in different populations are necessary. Here, we carried out research involving five EH candidate genes in a Chinese population using several different statistical methods.
Materials and methods

Samples
All subjects in this study were of Han Chinese currently residing in the Greater Shanghai area. In all, 106 nuclear families, including 417 EH patients in a total of 474 individuals, were studied. The hypertensive probands were identified in the Outpatient Department of Hypertension of Ruijin Hospital, Shanghai, or selected from a screening survey in the Shanghai area on the basis of the following criteria: (1) systolic blood pressure (BP) X150 mmHg and/or diastolic BP X95 mmHg, or currently receiving antihypertensive medication for at least 1 year; (2) having an onset of hypertension after 20 and before 60 years of age; (3) free of secondary hypertension through extensive clinical examination; (4) with at least one affected brother or sister. If a hypertensive proband met these criteria, all his/her siblings and parents together with him/ herself were examined using a standardized protocol in the hospital by trained physicians and epidemiologists from the Shanghai Institute of Hypertension. The BP of all normotensives was below 140/90 mmHg.
Clinical and biochemistry measurements
BP was measured in the seated position after 10 min of rest using a mercury sphygmomanometer by experienced and certified examiners. Afterwards, a detailed questionnaire was filled out, a physical examination was carried out, and a 10 ml blood sample was drawn from all subjects for DNA extraction and biochemical examination. Informed consent was obtained from all the participants.
Selection of candidate genes and genetic markers
Five EH candidate genes including the lipoprotein lipase (LPL), leptin (OB), leptin receptor (OBR), aadducin (ADD) and b3 adrenergic receptor (ADRB3) were selected based on physiological, biochemical and genetic studies reported before. They are involved in the regulation of ion exchange, vascular activity or metabolism. Highly polymorphic microsatellite markers were chosen in the vicinity of the gene loci according to the linkage map (http:// www.ncbi.nlm.nih.gov/genetics/map99/ and http:// www.marshmed.org/genetics/). The information of the candidate genes and markers is listed in Table 1 .
Genotyping
Genotyping of the markers was based on PCR amplification of the subjects' genomic DNA. The primer sequences were obtained from the Genome Database (http://gdbwww.gdb.org/) and all primers were labeled with fluorescence at the 5 0 end. After DNA extraction, PCR reactions were carried out in a GeneAmp PCR System 9700 (Perkin-Elmer) (in 96-well trays). Each 5.0 ml reaction contained 20 ng genomic DNA, 0.2 U HotStartTaqt DNA polymerase (Qiagen), 3.0 mmol/l MgCl 2 , 200 mmol/l dNTPs, 0.2 pmol/l of both forward and reverse primers, and 0.5 ml PCR buffer containing the antibody used for 'hotstart'. After an initial 15 min of denaturation at 951C, 38 cycles were carried out. Each cycle contained 30 s at 941C, 1 min at 631C and 1.5min at 721C, except that in the first 15 cycles the annealing temperatures decreased from 63 to 561C by 0.51C a cycle. The products were run on 5% acrylamide sequencing gels in an ABI Prism 377 sequencer (Perkin-Elmer). The gel analysis was operated with GeneScant (version 3.0), while the allelic status for each sample was determined using Genotypert (version 2.1). Genotypes were scored according to the size in base pairs.
Statistical methods
Since the mode of inheritance of EH is not well established, nonparametric linkage (NPL) analysis using the GENEHUNTER (version 2.0) computer program was used to assess the evidence for linkage. 5 Furthermore, as it is recommended that parametric linkage analysis with simple genetic models is a powerful method for detecting linkage to susceptibility loci in complex disorders, we applied parametric linkage analysis using GENE-HUNTER. [6] [7] [8] Marker allele frequencies were calculated from a whole-genome scanning conducted before. 9 We considered two alleles D and d at the disease locus with frequencies 0.075 and 0.925, respectively. The penetrances of the genotype DD, Dd and dd were assumed to be 0.725, 0.1 and 0.1, respectively. The calculated prevalence of hypertension from these values is consistent with that observed in the Shanghai area (11-15%). The ETDT package, which implements a logistic regression approach, was also selected to perform the extended transmission disequilibrium test (ETDT) for linkage and association with multiallelic markers. 10 Probability values less than 0.01 were considered significant.
Results
Neither parametric nor nonparametric linkage analyses supported such a linkage between EH and all these markers in the regions of the five candidate genes ( Table 2) . The ETDT provides an unbiased comparison of the transmitted vs nontransmitted parental alleles in the affected individuals. No significant transmission disequilibrium can be found after Monte Carlo correction for multiple alleles (Table 3) . 
Discussion
Human essential hypertension is a complex, multifactorial, quantitative trait under polygenic control. 2, 11 Several strategies have been developed over the last decade to dissect genetic determinants of hypertension. Of these, the most successful have been the studies that identified rare Mendelian syndromes in which a single gene mutation causes high BP. Attempts to identify multiple genes, each with a small contribution to the common polygenic form of hypertension, have been less successful. 12, 13 Many association as well as linkage studies of humans have provided useful, although somewhat contradictory, data. This showed the complexities of this disorder.
Here, we present a linkage study to try to reveal the contribution of the five genes that encode a-adducin, lipoprotein lipase, leptin, leptin receptor and b3 adrenergic receptor, respectively, to EH in a Chinese population. Although the products of these five EH candidate genes act in the field of sodium balance or neuro-endocrine modulation, their actual roles in the pathogenesis of EH remain unknown. [14] [15] [16] [17] [18] [19] Especially for the two genes OBR and ARBR3, no linkage study has been reported yet.
The transmission disequilibrium test (TDT), an association study using siblings as control, is considered as a powerful tool to detect the relationship between gene locus and diseases in a family. 20 However, for a marker with multiple alleles, correction for multiple testing, such as Boneferroni method, should be done. 21 The ETDT package implements likelihood ratio tests based on logistic regression analysis and is a better choice for multiallelic markers. Here, we adopted a combination of both parametric, nonparametric linkage analysis and ETDT, to try to enhance the power to detect the relationship. Furthermore, to enhance the power of the linkage study, we chose at least two microsatellite markers for each candidate gene, one located near the telometric end and the other near the centromeric end. Especially for the gene LPL, four microsatellites near the gene locus were selected. Among them, the microsatellite LPL is just in the intron of this gene.
Niu et al, 22 in a study including 310 Chinese hypertensive sib pairs, conducted a research focusing on four candidate genes including a-adducin. They also failed to find any suggestive linkage between a-adducin gene and EH or the gene-gene interactions. In our study, D4S412 and D4S3038, 15 In the present study, however, the results cannot be replicated in an extended sample size of 108 Shanghai EH families. We also failed to find a linkage between the other four gene loci (OB, OBR, ADRB3 and LPL) and EH, although some significant linkage was reported in other populations (Table 4 ). This reveals the complex genetic background in different ethnic groups.
In conclusion, our findings provide no support for a significant contribution of the five candidate genes including LPL, OB, OBR, ADRB3 and ADD to the pathogenesis of EH among Shanghai people. Our results, however, do not exclude the possible minor roles of these genes in EH, or the possible contributions to EH with other genes.
